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ABSTRACT 

Earth–air tunnel ventilation is an energy efficient method of preheating or cooling of supply air to a building. The 

purposes of this study are to investigate the effect of continuous and intermittent modes of operation of EATHE system on 

soil thermal saturation and regeneration achieved. Effect of soil thermal conductivity on soil regeneration has been 

analysed. A CFD model has been prepared and investigated using FLUENT 6.3 taking into account of dynamic 

variations of soil layer temperature. Results reveal thetransient thermal performance of EATHE is significantly 

dependent on soil thermal conductivity and duration of intermittent operation. Results reveal the regeneration of  soil 

domain in terms of increase intemperature of soil layer at 0.025m, 0.05m, 0.10m and 0.20m away from pipe surface. 

Maximum rise in soil layer temperature are 5.0 K, 2.9 K, 0.5 K and 0.0 K for SL1 at 0.025m, 0.05m, 0.10m and 0.20m 

respectively. Similarly, for soil SL2 maximum rise in soil layer temperature are 4.7 K, 3.4 K, 1.9 K and 0.5 K at 0.025m, 

0.05m, 0.10m and 0.20m respectively. For soil SL3 maximum rise in soil layer temperature are 3.8 K, 2.9 K,1.9 K and 

1.9 K at 0.025m, 0.05m, 0.10m and 0.20m away from pipe surface respectively. 

KEYWORDS: Earth Air Tunnel Heat Exchanger, Intermittent operation, Computational Fluid Dynamics, FLUENT  

ABBREVIATIONS 

EATHE  Earth Air Tunnel Heat Exchanger 

PVC  Poly Vinyl Chloride 

RPM  Revolution Per Minute 

CFD  Computational Fluid Dynamics 

DBT  Dry Bulb Temperature of air (°C) 

 

INTRODUCTION  

An Earth Air Tunnel Heat Exchanger (EATHE) system  has often  been  used  to  achieve  free  

cooling/heating  for  energy  saving  [1–9].  Earthair tunnel heat exchanger is a subterranean heating/cooling 

system that utilises ground temperature for pre-cooling or pre-heating ventilation air in summer and winter 

respectively. Research has established that subsurface soil temperature is lower than ambient air temperature 

in summer and higher than ambient air temperature in winter, this is as a result of high soil thermal mass that 

store high percentage of the heat gain on daily basis toless than 30cm below the surface.Temperature 

difference between air and soil can be utilised to pre-cool or pre-heat ventilation air supply using earth-air heat 

exchanger, which consists of pipes buried below ground surface through which ventilation air is circulated. 

The potential of earth-air heat exchanger has been established in moderate climates of Europe, however not 

much research has been carried out in hot climates because of the claim that the potential is low due to higher 

soil temperature in summer.  

To assess and predict the thermal performance EATHE system, a computing model is necessary[2–7].  The 

objective of modeling is to compute the variation in the temperature of air and soil surrounding the EATHE 

pipe, based onthermal properties of the soil and air, the geometrical configuration of the tunnel, the air flow 

rate through the tunnel, etc.Performance of EATHE system in summer and winterusing Computational Fluid 

Dynamics (CFDs) modeling was presented by Bansal et al.[10,11].As also reported by Bansal et al. [12] 
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EATHE system integratedwith evaporative heating could deliver thermal comfort conditionsin hot and dry 

climates. 

In this study effect of intermittent operation and soil thermal conductivity on the thermal performance of 

EATHE in terms of soil thermal saturation and regeneration hasbeen evaluated.  Transient analysis of these 

parameters has beencarried out using CFD simulation platform FLUENT 6.3.Results of this analysis can be 

useful fordesigning EATHEsystem with satisfactory thermal performance. 

 

DESCRIPTION OF CFD SIMULATION MODEL 

Numerical simulation has been used as a calibrated tool from experimental methods for the development of 

studies in the area of heat transfer and fluid mechanics, with subsequent employment in engineering design. In 

other words, the union of these techniques provides best results. Computational Fluid Dynamics (CFD) tools 

are well known for their capability to carry out in-depth analysis of fluid flow, heat transfer, mass transfer and 

several other problems. They provide numerical solutions of partial differential equations governing fluid flow 

and heat transfer in a discretized form. CFD employs a very simple principle of resolving the entire system in 

small cells or grids and applying governing equations on these discrete elements to find numerical solutions 

regarding pressure distribution, temperature gradients, flow parameters and the like in a shorter time at a 

lower cost because of reduced required experimental work. 

To examine the complicated airflow and heat transfer processes in an EATHE system, CFD software, 

FLUENT 6.3, was used in this study. In the present analysis, CFD simulations have been performed using an 

unstructured grid. CFD software FLUENT is employed to resolve the transient temperature field around the 

horizontal buried pipe of EATHE. The element type and the grid density were selected to be variable 

according to the sensitivity of temperature quantity, so that the calculation can adapt to the actual situation and 

reach a high level of accuracy. Because the temperature changes more sharply around the pipe wall, the grid is 

designed to be more dense in that area, while it is more sparse farther away from the pipe wall. In the present 

study it has been assumed that air is incompressible and the soil is homogeneous and its physical properties 

are constant. It was also assumed that the property of the pipes and ground materials do not change with 

temperature and engineering materials used in the CFD model are isotropic and homogeneous. 

The fundamental equations of fluid flow and heat transfer have been used in the analysis. The geometric 

modeling and meshing have been prepared using GAMBIT version 2.3. The main objective of the CFD study 

was to investigate the transient behavior of simple EATHE system used in continuous cooling mode and 

compare its thermal performance with EATHE operating under intermittent mode in terms of soil temperature 

variation and heating potential of EATHEsystem. The physical and thermal parameters of different 

engineering materials used in the simulation are listed in Table 1. 

Table 1: Thermo-physical parameters used in simulation 

Parameter 
Material 

Air Soil SL1 Soil SL2 Soil SL3 PVC 

Density (kg m
-3

) 1.225 2050 2050 2050 1380 

Specific heat capacity (J kg
-1

 K
-1

) 1006 1840 1840 1840 900 

Thermal conductivity (W m
-1

 K
-1

) 0.0242 0.52 2.0 4.0 1.16 

Flow velocity (m/s) 5 - - - - 

Pipe diameter (m)  - - - 0.10 

 

DESCRIPTION OF TEST FACILITY AND TEST UNIT OF EATHE SYSTEM 

The schematic diagram of room integrated EATHE is shown in Fig.1. Experimental test set up comprises of 

60 m long horizontal PVC pipe of inner diameter 0.10 m, buried in flat land with dry soil at a depth of 3.7 m. 
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Inlet end of EATHE pipe is connected through a vertical pipe to a 0.75 kW, single phase, variable speed 

motorized blower (maximum flow rate of 0.0945 m3/s and maximum speed of 2800 RPM).  

 

Fig.1: Schematic of room integrated EATHE system 

Ambient air was forced through the earth air pipe system with the help of blower and air flow velocity was 

changed with the help of an auto transformer (single phase, 0-270 Volt, 2 A maximum current, with a least 

count of 1Volt). Seven RTD (Pt-100) temperature sensors viz. T0 to T6 were mounted at a depth of 0 m, 0.62 

m, 1.24 m, 1.86 m, 2.48 m, 3.10 m and 3.7 m respectively from the ground surface on inlet vertical pipe to 

measure soil temperatures at different depths. One additional temperature sensor was inserted at a distance of 

10 m away from the EATHE system at a depth of 3.7m in the ground to measure the undisturbed soil 

temperature. Nine RTD (Pt-100) temperature sensors viz. T7 to T15 were also inserted at the centre of 

EATHE pipe along the length at a horizontal distance of 0.2m, 1.7 m, 4.7 m, 9.3 m, 15.1m, 24.2 m, 34.0 m, 

44.4 m and 60.0 m respectively from the upstream end to measure air temperature. A group of four RTD (Pt-

100) temperature sensors at axial distance of 6.4 m, 27.4 m and 48.8 m from the inlet of EATHE were also 

provided to measure the temperature of pipe- soil interface, temperature of soil at a distance of 0.2 m, 0.4 m 

and 0.6 m from pipe surface respectively. Properly calibrated, digital temperature display devices (accuracy of 

± 0.1o C and resolution 0.1o C) have been used. Dry bulb temperature and relative humidity of ambient air 

were recorded hourly using RTD (Pt-100) temperature sensor and capacitive transducer mounted on weather 

station. Temperature and relative humidity of air inside the test room were also measured accurately with the 

help of calibrated thermo-hygrometer (make-Fluke-971, temperature accuracy of ± 0.1
o
C, temperature 

resolution of 0.1
o
C and relative humidity resolution of 0.1%). Air flow velocity is measured with the help of a 

vane probe type anemometer (make- Lutron, model-AM-4201, range- 0.4 to 30.0 m/s and least count of 

0.1m/s). Electrical energy consumed by the centrifugal blower was measured with the help of calibrated 

digital energy meter (make- Power tech measurement system, type- PTS-01, least count of 0.1 kWh and an 

accuracy of ±0.1 kWh). dimensions of research room is  4.3 m X 3.8 m X 3.05 m, having two windows (1.52 

m X 1.22m each, located on east and north facing walls respectively) and a door (1.82 m X 0.91 m, located on 

west facing wall).  

 

VALIDATION OF SIMULATION MODEL 

CFD based modeling of EATHE cooling system has been validated for summer weather conditions by taking 

observations on an actual experimental set-up as shown in Fig.2 for the month of June, 2015 at Ajmer 

(Western India). 
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Fig.2 Experimental set up of EATHE 

system 

 

Fig.3 Validation of CFD results with experimental 

results 

For validation of EATHE model, pipe diameter of 0.1 m and pipe length of 60 m was prepared. The outer 

diameter of the soil cylinder surrounding the EATHE pipe has been taken as ten times the pipe diameter. Soil 

layers surrounding the pipe have also been simulated to study the transient effects of thermal conductivity of 

soil on the thermal performance of EATHE system by using three different types of soil SL1, SL2 and SL3. 

Comparison of simulated and experimental values of temperature of air in the pipe at various points along the 

length is summarized for air velocity of 5 ms
-1

 as shown in Fig.3. In this validation exercise, inlet condition of 

air in CFD simulation was kept same as measured at the experimental set-up.It is observed from Fig.3 that 

there is a difference of 3.4 to 8.0% between the experimental and simulated data for DBT of air at the centre 

of pipe. Thus, the model was considered to be usable to carry our detailed analysis. 

 

MODES OF OPERATION OF EATHE SYSTEM 

Following modes of operation of EATHE system under transient conditions have been investigated.  

Mode-1 (M1): In this mode EATHE system has been put into use continuously for 24-hours 

Mode-2 (M2): In this mode EATHE system has been used intermittently having a working duration of 4 

hours and then kept OFF for next 4 hours, making ON-OFF cycle of 8 hours duration. For the use of EATHE 

in such a manner three cycles of intermittent operation (each cycle of 8 hours duration) shall be obtained. 

Therefore, EATHE shall be put off after 4
th
, 12

th
& 20

th
 hour and shall be put ON at 1

st
, 9

th
, 17

th
& 25

th
 hour. It 

allows the soil surrounding the EATHE pipe to regenerate during OFF hours (4 hours during each cycle).In 

the present work the variation in soil layer temperature at different radial positions i.e. 0.025m, 0.05m, 

0.075m, 0.1m and 0.2m away from pipe surface has been determined on account of heat transfer between 

EATHE pipe and surrounding soil during continuous as well as intermittent modes of operation. Heating 

potential of EATHE system in terms of rise in temperature of air achieved has also been compared for 

continuous and intermittent modes of operation.  

 

RESULTS AND DISCUSSION 

The variation in soil temperature along the length of EATHE pipe buried in soil SL1 with lowest thermal 

conductivity at different radial positionis shown in Figure 4. Temperature of soil at a radial distance of 0.025 

m, 0.50m, 0.10m and 0.20 from pipe surface for soil SL1 at different sections along the length of pipe under 

continuous operation (Mode1)has been compared with that obtained during continuous operation (Mode2)at 

0.025 m, 0.05 m 0.10 m and0.20 m from pipesurface. 
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Figure 4: Temperature of soil at a radial distance of 0.025 m, 0.50m, 0.10m and 0.20 from pipe surface 

for soil SL1 at different sections along the length of pipe under Mode 1 and Mode 2 

Table 2: Soil temperature rises at a radial distance of 0.025 m, 0.50m, 0.10m and 0.20 from pipe surface 

for soil SL1. 

Pipe Length  

(m) 

Rise  in Soil Layer Temperature (K) 

Continuous operation (Mode1) Intermittent operation (Mode2) 

0.025 m 0.05 m 0.10 m 0.20 m 0.025 m 0.05 m 0.10 m 0.20 m 

0 5.3 4.4 3.3 2.2 4.5 4.0 2.8 1.4 

10 2.4 2.0 1.4 0.8 2.8 2.5 1.6 0.7 

20 1.1 0.8 0.6 0.3 1.6 1.5 1.1 0.4 

30 0.4 0.3 0.2 0.1 1.0 0.9 0.6 0.2 

40 0.1 0.1 0.0 0.0 0.6 0.5 0.3 0.1 

50 0.0 0.0 0.0 0.0 0.3 0.3 0.2 0.1 

60 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 

 

It is noticed from Figure 4 that at section 10 m away from inlet, soil temperature of 297.8 K, 298.2 K, 298.8 

Kand 299.4 K is obtained at 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surfacerespectively, during 

continuous operation (Mode1). However, corresponding values obtained during intermittent mode of 

operation (Mode2) are 297.1K, 297.4K, 298.5K and 299.6Kat 0.025 m, 0.05 m 0.10 m and0.20 m from pipe 

surfacerespectively. 

Hence,It is noticed from Table 2 that at section 10 m away from inlet,rise in soil layer temperatureobtained is 

2.4 K, 2.0 K, 1.4 Kand0.8 K at 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively, during 

Mode1, whereas,corresponding values obtained during intermittent mode of operation (Mode2) are 2.8K, 

2.5K, 1.6K and 0.7Kat 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively.  

 Similarly, at section 30m away from inlet, soil temperature of 299.8K, 299.9K, 300.0K and 300.1K is 

obtained at 0.025m, 0.05 m 0.10 m and0.20 m from pipe surface respectively,during continuous operation. 

However, corresponding values obtained during intermittent mode of operation (Mode-2) are 299.1, 299.2K, 

299.6K, and 300.0K at 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively.Hence,at section 

30m away from inlet,rise in soil layer temperature obtained is 0.4K, 0.3K, 0.2K and0.1K at 0.025 m, 0.05 m 

0.10 m and0.20 m from pipe surface respectively,during continuous operationwhile corresponding values 

obtained during intermittent mode of operation (Mode-2) are 1.0K, 0.9K, 0.6K, and 0.2K at 0.025 m, 0.05 m 

0.10 m and0.20 m from pipe surface respectively, as shown in Table 2. 

Similarly, at outlet 60 m away from inlet,rise in soil layer temperature is not obtained at 0.025 m, 0.05 m 0.10 

m and0.20 m from pipe surface respectively, during continuous operation. Corresponding values obtained 

294.0

295.0

296.0

297.0

298.0

299.0

300.0

301.0

0 10 20 30 40 50 60

T
em

p
er

a
tu

re
 o

f 
so

il
 l

a
y

er
 (

K
)

Lenght of Pipe (m)

0.025 m, Mode-1 0.50 m, Mode-1

0.10 m, Mode-1 0.20 m, Mode-1

0.025 m, Mode-2 0.50 m, Mode-2

0.10 m, Mode-2 0.20 m, Mode-2



  
 
 
 

225 RohitMisra, Vikas Bansal, Abhishek Agarwal 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 4 

April 2016       

during intermittent mode of operation (Mode-2) are 0.1K, 0.1K, 0.1K and 0.0K at 0.025 m, 0.05 m 0.10 m 

and0.20 m from pipesurface respectively, as shown in Table 2.Hence,at outlet 60 m away from inlet,rise in 

soil layer temperature is not obtainedat 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively, 

during continuous ope1ration while corresponding values obtained during intermittent mode of operation 

(Mode-2) are 0.1K, 0.1K, 0.1K and 0.0K at 0.025 m, 0.05 m 0.10 m and0.20 m from pipesurface respectively, 

Figure 5 shows the variation in soil layer temperature along the length of EATHE pipe buried in soil with 

medium thermal conductivitySL2 (k=2 Wm
-1

K
-1

) at different radial positions. Soil temperature at 24
th
hour 

obtained during intermittent operation has been compared with that obtained during continuous operation at 

0.025 m, 0.05 m 0.10 m and0.20 m from pipesurface. 

It is noticed from Figure 5 that at section 10 m away from inlet soil temperature of 296.2K, 297.0K, 298.1K 

and 298.5K is obtained at 0.025 m, 0.05 m 0.10 m and0.20 m from pipesurfacerespectively, during continuous 

operation (Mode 1). However, corresponding values obtained during intermittent mode of operation (Mode-2) 

are 299.0K ,299.1K, 299.2K and 299 Kat 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively. 

Hence, it is noticed from Table 3 that at section 10 m away from inlet,rise in soil layer temperature obtained is 

4.0K, 3.2K, 2.1K and 1.7K at 0.025 m, 0.05 m 0.10 m and0.20 m from pipesurfacerespectively, during 

continuous operation while corresponding values obtained during intermittent mode of operation (Mode-2) are 

1.2K, 1.1K, 0.9K and 0.6Kat 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively. 

 

Figure 5: Temperature of soil at a radial distance of 0.025 m, 0.50m, 0.10m and 0.20 from pipe surface 

for soil SL2 at different sections along the length of pipe under Mode 1 and Mode 2 

Table 3: Soil temperature rises at a radial distance of 0.025 m, 0.50m, 0.10m and 0.20 from pipe surface 

for soil SL2. 

Pipe Length  

(m) 

Rise in Soil Layer Temperature (K) 

Continuous operation (Mode1) Intermittent operation (Mode2) 

0.025 m 0.05 m 0.10 m 0.20 m 0.025 m 0.05 m 0.10 m 0.20 m 

0 7.3 6.0 4.3 2.8 2.6 2.5 2.2 1.6 

10 4.0 3.2 2.1 1.7 1.2 1.1 0.9 0.6 

20 2.1 1.5 1.1 0.6 0.5 0.5 0.4 0.3 

30 1.1 0.9 0.5 0.2 0.2 0.2 0.2 0.1 

40 0.4 0.3 0.2 0.1 0.1 0.1 0.1 0.0 

50 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Similarly, at section 30 m away from inlet, soil temperature of 299.2K, 299.3K, 299.7K and 300.0K is 

obtainedat 0.025 m, 0.05 m 0.10 m and0.20 m from pipesurfacerespectively,during continuous operation. 

However, corresponding values obtained during intermittent mode of operation (Mode2) are 300.0, 300.0K, 

300.0K & 300.1Kat 0.025 m, 0.05 m 0.10 m and0.20 m from pipesurface respectively.Hence, at section 30 m 

away from inlet soil temperature rises by 1.1K, 0.9K, 0.5K and 0.2K is obtained at 0.025 m, 0.05 m 0.10 m 

and0.20 m from pipesurfacerespectively,during continuous operation while corresponding values obtained 

during intermittent mode of operation (Mode2) are 0.2K, 0.2K, 0.2K and 0.1Kat 0.025m, 0.05m, 0.10m 

and0.20m from pipe surface respectively, as shown in Table 3. 

Similarly, at outlet section 60 m away from inlet, soil layer temperature obtained is 300.2K, 300.2K, 300.2K 

and 300.2K at 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively, during continuous operation. 

However, corresponding values obtained during intermittent mode of operation (Mode2) are 300.3K, 300.2K, 

300.2K and 300.2K at 0.025 m, 0.05m, 0.10m and0.20m from pipesurface respectively, as shown in Table 

3.As noticed from Table 3,at outlet section 60 m away from inlet, variation in soil layer temperature is zero 

and hence there is no thermal disturbance.  

Figure 6 shows the variation in soil layer temperature along the length of EATHE pipe buried in soil with 

highest thermal conductivitySL3 at different radial positions. Soil temperature at 24
th
hour obtained during 

intermittent operation has been compared with that obtained during continuous operation at 0.025 m, 0.05 m 

0.10 m and0.20 m from pipesurface. 

 

Figure 6: Temperature of soil at a radial distance of 0.025 m, 0.50m, 0.10m and 0.20 from pipe surface 

for soil SL3 at different sections along the length of pipe under Mode 1 and Mode 2 

 

Table 4: Soil temperature rises at a radial distance of 0.025 m, 0.50m, 0.10m and 0.20 from pipe surface 

for soil SL3. 

Pipe Length  

(m) 

Rise in Soil Layer Temperature (K) 

Continuous operation (Mode1) Intermittent operation (Mode2) 

0.025 m 0.05 m 0.10 m 0.20 m 0.025 m 0.05 m 0.10 m 0.20 m 

0 5.3 4.4 3.3 2.2 5.1 4.5 2.9 1.3 

10 2.4 2.0 1.4 0.8 3.1 2.8 1.7 0.6 

20 1.1 0.8 0.6 0.3 1.9 1.5 1.1 0.4 

30 0.4 0.3 0.2 0.1 1.1 1.0 0.6 0.2 

40 0.1 0.1 0.0 0.0 0.6 0.5 0.3 0.1 

50 0.0 0.0 0.0 0.0 0.4 0.3 0.2 0.1 

60 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0 
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It is noticed from Figure 6 that at section 10 m away from inlet, soil temperature of 297.8K, 298.2K, 298.8K 

and 299.4K is obtained at 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively, during continuous 

operation. However, corresponding values obtained during intermittent mode of operation (Mode2) are 

299.7K, 299.6K, 299.7K and 299.8K at 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively.It is 

noticed from Table 4 that at section 10 m away from inlet, rise in soil layer temperature obtained is 2.4K, 

2.0K, 1.4K and 0.8K at 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively, during continuous 

operation, while corresponding values obtained during intermittent mode of operation (Mode2) are 3.6K, 

2.8K, 1.7K and 0.6K at 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively. 

Similarly, at section 30 m away from inlet, soil temperature of 299.8K, 299.9K, 300.0K and 300.1K is 

obtained at 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively, during continuous operation. 

However, corresponding values obtained during intermittent mode of operation (Mode2) are 300.2K, 300.1K, 

300.1K and 300.2Kat 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively, as shown in Table 

4.Hence,at section 30 m away from inlet, rise in soil layer temperature obtained is 0.4K, 0.3K, 0.2K and 0.1K 

at 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively, during continuous operation while 

corresponding values obtained during intermittent mode of operation (Mode-2) are 1.1K, 1.0K, 0.6K and 

0.2Kat 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively, as shown in Table 4. 

Similarly, at outlet 60 m away from inlet, soil temperature of300.2K, 300.2K, 300.2K and 300.2K is obtained 

at 0.025 m, 0.05 m 0.10 m and0.20 m from pipe surface respectively, during continuous operation. However, 

corresponding values obtained during intermittent mode of operation (Mode2) are 300.3K, 300.3K, 300.3K 

and 300.2K at 0.025m, 0.05m, 0.10m and0.20m from pipe surface respectively.Hence, at outlet 60 m away 

from inlet, rise in soil layer temperature obtained is 0.0K, 0.0K, 0.0K and0.0K at 0.025m, 0.05m, 0.10m 

and0.20m from pipe surface respectively, during continuous operation (Mode 1) while corresponding values 

obtained during intermittent mode of operation (Mode2) are 0.1K, 0.1K, 0.1K and 0.0K at 0.025m, 0.05m, 

0.10m and0.20m from pipe surface respectively. 

 

THERMAL INFLUENCE ZONE 

It is found that the thermal influence zone does not run parallel to the pipe surface, rather it is having a shape 

of cone and for soil SL3 it extends up to 30 m length only from inlet. While for soil SL1, thermal influence 

zone at the exit of EATHE extends up to 3 times the pipe radius (0.15 m) as shown in Figure 7-9. 

 

 

 

Figure 7: Isothermal lines of 300.2K within soil domain during Mode 2 for soil SL1 
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Figure 8: Isothermal lines of 300.2K within soil domain during Mode 2 for soil SL2 

 

 

 

 

Figure 9: Isothermal lines of 300.2K within soil domain during Mode 2 for soil SL3 

 

Temperature contours of air and soil surrounding the EATHE pipe, at different sections along the length of 

pipe during Mode 1 and Mode 2 after 24hrs of operation for soil SL1, SL2 and SL3 obtained by CFD 

simulation have been shown in Figure 10.  It is observed that penetration of heat from EATHE pipe to 

adjacent soil layers is much faster for soil with higher thermal conductivity, obviously due to lesser thermal 

inertia. It can be clearly seen from the temperature contours that after 4 hour of regeneration period during 

Mode 2 the temperature of soil along the radial distance from pipe surface increases due to absorption ofheat 

from outer layers of soil.In contours of continuous and intermittent operation, Isothermal lines of temperature 

300.2 K have been shown, which distinguish the thermally disturbed and undisturbed area in soil domain. It 

has been observed that maximum radial position of isothermal line occurred at 10 m away from inlet pipe 

section which decreased along the pipe length. Radial separation of Isotherms of 300.2 K for SL2 and  SL3 is 

much  greater than that for SL1. 
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CONCLUSION  

Present work gives the outcome of CFD simulation carried out to investigate the thermal performance of 

EATHE system under continuous and intermittent modes of operation. It is observed that the soil surrounding 

the EATHE pipe gets cooled down as the cold air flowing through pipe exchanges the heat with it and hence 

the soil surrounding the EATHE pipe gets thermally influenced. This thermal influence deteriorates the 

performance of EATHE system as the soil domain in the close vicinity of EATHE pipe starts getting saturated 

by exchanging the heat with air. It is observed that during continuous operation mode (M1), soil keeps on 

transferring the heat to air flowing through pipe and becomes cooler and cooler. However, during intermittent 

operation soil gets time to regenerate and hence thermal performance of EATHE improves. Following 

observations are worth mentioning: 

 Effect of regeneration in soil domain has been noticed in terms of increase in ment in temperature of 

soil layer at 0.025m, 0.05m, 0.10m and0.20maway from pipe surface. Maximum rise in soil layer temperature 

are 5.0K,2.9K,0.5K and 0.0K for SL1 at 0.025m, 0.05m, 0.10m and0.20mrespectively. Similarly, for soil SL2 

maximum rise in soil layer temperature are 4.7K,3.4K,1.9K and 0.5K at 0.025m, 0.05m, 0.10m 

and0.20mrespectively. For soil SL3 maximum rise in soil layer temperature are 3.8K,2.9K,1.9K and 1.9K at 

0.025m, 0.05m, 0.10m and0.20maway from pipe surfacerespectively. 

 Maximum thermal influence area up to 60m length along the EATHE pipe is observed for soil SL1. 

For SL2 & SL3 thermal influence is noticed up to 40m and 30 m respectively.  

 It is observed that after 24 hours, maximum regeneration of soil occurs up to 1 inch away from pipe 

surface and up to 10 m pipe length for SL1, SL2 and SL3. Percentage of regeneration obtained is 52.5%, 

24.1%,8.8% and 3.3% at 0.025m, 0.05m, 0.10m and0.20maway from pipe surfacerespectively, for soil 

SL1.Similarlyfor SL2, percentage of regeneration obtained is 38.5%,22.8%,11.5% and 5.1% at 0.025m, 

0.05m, 0.10m and0.20maway from pipe surfacerespectively. Similarly for SL3, percentage of regeneration 

obtained is 28.5%, 19.5%, 11.9% and 5.8% at 0.025m, 0.05m, 0.10m and0.20maway from pipe surface. 
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